EPIDURAL catheters are commonly used in today's anesthetic practice, and complications are rare. However, hematomas within the spinal canal leading to compression of the spinal cord remain a major concern. In particular, anticoagulation and bleeding disorders are considered to be risk factors for hematoma formation after neuroaxial blockade. We report a case of paraplegia that developed after removal of a thoracic epidural catheter during low-molecular-weight heparin (LMWH) treatment. The patient's symptoms improved spontaneously, and restitution was complete after conservative treatment.
EPIDURAL catheters are commonly used in today's anesthetic practice, and complications are rare. However, hematomas within the spinal canal leading to compression of the spinal cord remain a major concern. In particular, anticoagulation and bleeding disorders are considered to be risk factors for hematoma formation after neuroaxial blockade. We report a case of paraplegia that developed after removal of a thoracic epidural catheter during low-molecular-weight heparin (LMWH) treatment. The patient's symptoms improved spontaneously, and restitution was complete after conservative treatment.
Case Report
A 73-yr-old woman (height, 149 cm; weight, 61 kg) was scheduled to undergo left nephrectomy because of a kidney tumor. Her past medical history was unremarkable except for a previous hysterectomy and possible asbestosis. Preoperative coagulation studies and platelet count were within the normal range. Following admission, the patient had been treated with a LMWH (enoxaparin, 40 mg subcutaneously every morning). Since a combined general and epidural anesthesia was planned, no enoxaparin was administered on the day of surgery, i.e., the last dose was given approximately 24 h before anesthesia.
An epidural catheter (20 gauge) was inserted uneventfully at the T12-L1 interspace via an 18-gauge Tuohy needle in the awake patient using the loss-of-resistance technique with normal saline. Neither blood nor cerebrospinal fluid could be aspirated via the catheter, and a test dose of 3 ml bupivacaine, 0.5%, did not evoke sensory deficits. General anesthesia was induced with fentanyl (5 g/kg), etomidate (20 mg), and rocuronium (0.5 mg/kg); the trachea was intubated; and anesthesia was maintained with nitrous oxide (60% end tidal) and sevoflurane (0.7% expired). Another 8 ml bupivacaine, 0.5%, was administered epidurally, and anesthesia and nephrectomy proceeded uneventfully except for a splenectomy due to surgical injury to the spleen. The patient was extubated after surgery and transferred to a general ward. For analgesia, a continuous epidural infusion of 0.25% bupivacaine (4 -8 ml/h) was administered. This yielded sufficient analgesia without gross sensory or motor deficits. When the patient was visited by an anesthesiologist on the first postoperative day, analgesia was satisfactory and gross neurologic examination was normal. Treatment with LMWH was continued, and no other drugs impairing coagulation or platelet function were given postoperatively.
On the morning of the third postoperative day, a surgeon removed the epidural catheter without consulting an anesthesiologist. Unfortunately, enoxaparin (40 mg subcutaneously) had been administered approximately 2 h earlier. Immediately after catheter removal, the patient complained of severe back pain, and over the next 2 h, paraplegia of both legs developed. The attending anesthesiologist on call was informed. Examination revealed a complete palsy of the left leg and impossible flexion of the right hip. The left patellar reflex and the anal sphincter reflex were absent. Other muscular reflexes were normal, and a Babinski sign was not observed. Sensory deficits did not occur at any time.
An urgent magnetic resonance image (MRI) was obtained and revealed an inhomogeneous epidural mass compressing the dural sac from T11-T12 to T12-L1, consistent with an epidural hematoma ( fig. 1 ). A neurosurgical consultation was requested immediately. At the time of the neurosurgical examination, a slight improvement of the motor impairment was observed. Thus, immediate surgical intervention was not considered by the neurosurgeon to be indicated, and a decision toward a conservative trial was made. Treatment with corticosteroids (dexamethasone, 40 mg intravenously initially and 4 mg orally four times daily for 1 week) and physical therapy were initiated. The motor deficits gradually disappeared completely over the next 4 days. The epidural mass was still present in a MRI obtained after 3 days but was smaller in size and did not compress the dural sac ( fig. 2 ).
Discussion
Epidural hematoma is a very rare but typical complication of epidural anesthesia. In a large retrospective and prospective study, no signs suggesting epidural hematoma were recognized in 4,185 patients receiving a thoracic epidural catheter. 1 However, several cases of spinal or epidural hematoma after neuraxial blockade in patients receiving LMWH have been published, 2, 3 and investigators expressed their concern about patients receiving LMWH being at an increased risk for those particular complications. 4 In 1997, the Food and Drug Administration issued a public health advisory regarding reports of epidural or spinal hematomas with the concurrent use of LMWH and spinal-epidural anesthesia or spinal puncture. Similar recommendations were issued by the German Society of Anesthesiology and Intensive Care Medicine in the same year. 5 There is consensus that when LMWH is used perioperatively, neuroaxial block should be delayed for 10 to 12 h after the last dose. 6, 7 The same time interval has been recommended between LMWH administration and removal of a spinal or epidural catheter. 6 Enoxaparin has an elimination half-life of 2.3-3.0 h, and its antithrombotic effect lasts for about 24 h. 8 LMWHs also undergo renal elimination and do accumulate in patients with renal failure. 8 Whether nephrectomy in our patient altered LMWH elimination can only be speculated.
Reversing the effects of LMWH is difficult. Protamine neutralizes the antithrombin activity of LMWH, normalizing the activated partial thromboplastin time; however, its antagonizing effect on antifactor Xa activity is incomplete. 9 If LMWH effects are to be reversed, protamine seems to have a lesser effect compared to its antagonizing abilities after unfractionated heparin treatment.
Cases of epidural hematoma developing after catheter removal have been reported. 10, 11 The treatment of choice is laminectomy and surgical evacuation of the hematoma. The rapidity of surgical intervention correlates with the outcome. 12 There are, however, also reports of patients that have been managed successfully without surgical intervention following epidural hematomas of either posttraumatic or spontaneous origin. 13, 14 In most of those cases, improving clinical condition led to the decision for conservative management. Novel in our case is the conservative management of an epidural hematoma developing as a complication after epidural anesthesia with complete resolution of the neurologic symptoms. Initial regression of symptoms during diagnostic workup led to the conservative approach.
An epidural hematoma occurred after removal of an epidural catheter. The physician removing the catheter was not trained in anesthesiology and was unaware of the risk when an epidural catheter is removed shortly after LMWH administration. This supports the view that postoperative neuroaxial blockade should be supervised by anesthesia personnel and that manipulations of epidural catheters should only be made by educated physicians. Particular caution is warranted when anticoagulants or platelet aggregation inhibitors are administered. Following administration of LMWHs, removal of epidural catheters should be delayed for 10 -12 h.
The management of suspected epidural hematoma should include a thorough neurologic examination, an urgent MRI or computed tomography scan, and immediate consultation with a neurosurgeon. Surgical intervention remains the treatment of choice in patients with neurologic deficits; however, a conservative approach may be indicated in patients showing early clinical improvement. SPINAL epidural hematoma (SEH) after epidural analgesia is a rare but serious complication. Most cases of SEH after epidural block are attributed to the patient having a bleeding tendency or receiving anticoagulation therapy. [1] [2] [3] Surgical decompression of the spinal cord is mandatory for prevention of permanent neurologic deficits.
References
1,2 Only a few cases of spontaneous recovery from SEH have been reported. 4 -6 We report a case of SEH accompanied by paraplegia after continuous epidural analgesia in a patient without a known bleeding disorder and not receiving anticoagulation therapy. This patient recovered spontaneously.
Case Report
A 72-yr-old woman (weight, 42 kg) with stenosis of the bile duct associated with cholelithiasis was admitted for choledochoduodenostomy and cholecystectomy. The patient had no relevant medical history and was on no medication. Except for elevations in aspartate aminotransferase (109 U/l [normal range, 11-32 U/l]), alanine aminotransferase (112 U/l), alkaline phosphatase (230 [6 -39] U/l), and total bilirubin (8.9 mg/dl; normal range, 0.3-1.2 U/l), she showed no abnormal findings in preoperative laboratory examinations, including coagulation tests.
The patient received an epidural block combined with general anesthesia. Epidural puncture was performed with an 18-gauge Tuohy needle at the T7-T8 interspace, and the epidural space was easily confirmed on the first attempt without bleeding. An epidural catheter was advanced smoothly 5 cm in the cephalad direction without accompanying paresthesia or pain. During surgery, epidural analgesia was achieved with a mixture of 0.125% bupivacaine and 5 g/ml fentanyl. The patient received 8 ml of the mixture as an initial dose, and this was followed by continuous administration at a rate of 6 ml/h. The operation was performed without difficulty, and total blood loss during the 3-h surgery was 420 ml.
In the recovery room, the patient had no pain and was able to dorsiflex both feet on request. We reduced the epidural infusion of the 0.125% bupivacaine and 5 g/ml fentanyl to 4 ml/h for postoperative pain control. On the first postoperative day, the patient had no pain or motor weakness when postoperative evaluation was made by the anesthesiologist. On the second postoperative day, both lower extremities gradually became weak, but the patient did not report her condition to anyone because she considered that this weakness was due to epidural analgesia. On the third postoperative day, the patient informed the nursing staff of her condition, and the anesthesiologist was consulted.
When the patient first complained of lower extremity weakness, she was alert and had no pain. Her vital signs were normal, but she was unable to hold her knees flexed. We immediately discontinued the epidural infusion and consulted a neurosurgeon. The neurologic examination showed hypoesthesia and hypalgesia below the T6 dermatome distribution in the right side and below the T8 in the left side. Both the patellar and the Achilles tendon reflexes were absent. Manual muscle testing revealed that the muscle strength of the iliopsoas and the quadriceps femoris were zero (0/5), and the muscle strength of the tibialis anterior and extensor halluces longus were trace (1/5) in both lower extremities. Cranial nerve and upper extremity examination results were normal. No bleeding or sign of infection was present at the epidural catheter insertion site. Although the postoperative coagulation profile was normal, we suspected an SEH. Emergency magnetic resonance (MR) imaging was ordered, and the epidural catheter was removed before the study. The MR images revealed a hematoma extending from Th6 to Th9 ( fig. 1 ). When the MR imaging was finished, however, the patient began to show signs of recovery from the paraplegia. She could dorsiflex both lower extremities on request. One hour after the MR imaging, she could hold the right knee flexed. Judging from the signs of spontaneous resolution, the neurosurgeon recommended conservative therapy with 8 mg intravenous dexamethasone every 8 h. Several hours after the conservative therapy, the muscle strength and sensory function improved gradually in both lower extremities.
By the fourth postoperative day, the patient had regained the ability to dorsiflex both feet and to hold both knees flexed. On the eighth postoperative day, she was able to stand by herself without assistance, and she was able to walk with a cane by the 14th postoperative day. An MR image obtained on the 14th postoperative day showed that the hematoma remained at the same level but was reduced in size ( fig. 2 ). The patient was discharged from the hospital on the 40th postoperative day without neurologic deficits.
Discussion
Placement of an epidural catheter may cause SEH more often than expected, but most SEHs remain asymptomatic. 7, 8 In some patients, however, SEH becomes symptomatic, especially if the patient has a bleeding tendency or is receiving anticoagulation therapy.
1-3 Our patient did not have a bleeding tendency and was not receiving anticoagulants. She was also not taking nonsteroidal antiinflammatory drugs, which are known to impair platelet function. Traumatic or difficult epidural puncture can also cause symptomatic SEH even in patients without coagulationrelated disorders or treatment. However, in our patient, the epidural block was performed easily and atraumatically by a well-trained anesthesiologist. The epidural congestion related to the compromised hepatic function in our patient may have been a contributing factor in the development of SEH. Hepatic dysfunction accompanied by increased portal pressure can divert blood into the epidural circulation and cause the veins to dilate and bleed easily. 8, 9 This could have led to the symptomatic change in this case. Spontaneous SEH has been reported in a few cases. 4, 10 MR study in our case, however, revealed that the SEH was located where the epidural block had been performed; therefore, spontaneous SEH was unlikely, although the cause of this SEH was not clear.
Irrespective of the cause, emergency decompressive laminectomy should be performed for SEH in patients presenting with progressive signs of spinal cord compression. 1, 2 Lawton et al. 11 reviewed that rapid diagnosis of SEH and emergency surgical treatment maximize neurologic recovery, but patients with complete neurologic lesions or longstanding compression can improve substantially with surgery. However, surgical treatment may be unnecessary when the clinical symptoms are not progressive or when early recovery is observed. 5 Wagner et al. 6 reported that for patients with a stable or improving neurologic status, conservative management monitored by MR imaging might be the treatment of choice. Because our patient began to show signs of recovery from the paraplegia early after we were informed of symptoms, we chose conservative therapy. Our patient's neurologic function improved shortly after removal of the catheter, suggesting that a pressure effect from the epidural infusion may have worsened her functional deficit. This implies that epidural infusion may aggravate the symptoms of SEH, and that removal of the epidural catheter may improve the paraplegia, as occurred in our patient. The delay in recognizing the SEH in this case should be addressed. As mentioned above, early diagnosis of SEH is key to preventing permanent neurologic deficit. In our hospital, nursing staff and surgeons check the patient's condition often during the postoperative period, and the anesthesiologist makes postoperative rounds on the first postoperative day as a rule. After the postoperative round by the anesthesiologist on the first postoperative day, however, our patient was not given a thorough examination for signs of neurologic dysfunction. Furthermore, our patient did not report her condition because she thought her symptoms were due to the epidural analgesia. Postoperative pain control by epidural analgesia has become popular. Thus, it is important to carefully explain the side effects of epidural block not only to patients but also to nursing staff and surgeons. In addition, patients who have undergone epidural block should be monitored carefully for potential neurologic deficit after surgery, and the postoperative round by the anesthesiologist should be made while patients receive continuous epidural infusion. LIDOCAINE has a concentration-dependent effect on seizures. Serum concentrations of lidocaine below 5 mg/ml decrease neuronal excitability and have been used to treat status epilepticus. At higher level concentrations, lidocaine is a proconvulsant, lowering seizure threshold in the cerebral cortex, amygdala, and hippocampus, usually causing a generalized convulsion. [1] [2] [3] While the effects of anticonvulsants on lidocaine-induced convulsions have been recently investigated in rats, 4 the effects of lidocaine in the precipitation of partial seizures in patients with a previous history of epilepsy and the role of antiepileptic drugs in these cases have not been reported.
Case Reports
Case 1 A 36-yr-old diabetic woman was admitted to the hospital because of chest pain and ventricular tachycardia. She had a 14-yr history of focal motor seizures involving the right side of the body. Previous electroencephalograms showed left hemispheric spikes. Seizures had been well controlled on 400 mg/day phenytoin. After she was given 100 mg lidocaine intravenously for the ventricular tachycardia (1.3 mg/kg), the patient developed a typical focal seizure involving the right side of her face and the right arm. She was given a loading dose of 1,500 mg phenytoin intravenously, which increased the serum concentration of phenytoin from 6.8 to 22.3 g/ml. She recovered uneventfully from the seizure. As the ventricular tachycardia persisted, she was given an additional lidocaine bolus of 50 mg (0.65 mg/kg) followed by a continuous infusion of 2 g lidocaine in 500 ml D5%, at a rate of 3.3 mg/min. Approximately 6 h after the beginning of the infusion, she had a witnessed generalized seizure. Her electroencephalogram, which had previously shown complete cessation of the previous seizure pattern, now showed the abrupt onset of generalized spike and polyspike and waves ( fig. 1 ). The concentration of lidocaine in venous blood was 21 g/ml. Lidocaine infusion was stopped, and she was given 10 mg intravenous diazepam, which suppressed the spike and wave discharges.
Case 2
A 41-yr-old woman had a history of focal and secondarily generalized seizures since the age of 23. Previous ictal and interictal electroencephalograms showed a right frontal focus. The patient had finished an electroencephalographic telemetry evaluation for epilepsy surgery and was restarted on carbamazepine, 200 mg. During a cerebral arteriogram and Wada test performed that same day, she was mistakenly given a 20-mg lidocaine bolus (which had been used to anesthetize the groin) via the intraarterial catheter into the right internal carotid artery. She developed a focal seizure originating in the right hemisphere within 20 s of the injection ( fig. 2) . The seizure was clinically and electrographically identical to her usual focal seizures. The seizure did not generalize. The serum concentration of carbamazepine was 1.6 g/ml at the time of the seizure.
Discussion
These two cases illustrate two distinct presentations of lidocaine-induced seizures in patients with a previous history of epilepsy: precipitation of a patient's typical partial seizure when concentrations of anticonvulsant medications were low and precipitation of a generalized tonic clonic when the patient had therapeutic concentrations of phenytoin. Lidocaine is known to have a concentration-dependent effect on seizures. At concentrations between 0.5 and 5 g/ml, lidocaine can suppress the clinical and electroencephalographic manifestations of seizures, whereas at higher concentrations, lidocaine can cause seizures. 3, 5, 6 This bimodal response has been demonstrated in cats with penicillin-induced epileptogenic foci in which concentrations between 2 and 3 g/ml cause suppression of epileptiform electroencephalographic discharges. This suppression persists until the lidocaine concentration drops below 1 g/ml. Concentrations between 4.5 and 7 g/ml, however, increase cortical irritability, culminating in status epilepticus at concentrations above 7.5 g/ml. 6 In epileptic cats, the presence of epileptiform EEG discharges indicates that serum concentrations of lidocaine are either below 1 g/ml or above 7 g/ml.
At serum concentrations below 5 g/ml, lidocaine abolishes cortically induced facilitation of motoneurons, 7 which may account for its anticonvulsant action. The mechanisms governing the anticonvulsant actions of the drug are not completely understood. 8 Intravenous administration of lidocaine inhibits L-glutamate-induced transcallosal inhibition of contralateral neurons in cats, 9 which is independent of ␥-aminobutyric acid or its receptor sites. 10 The mechanisms mediating the proconvulsant properties of lidocaine are not completely understood, either. Supratherapeutic concentrations of lidocaine produce a selective blockade of inhibitory cortical neurons, 5, 11 which ultimately lead to convulsions. In humans, slow intravenous infusions of lidocaine have been successfully used to treat convulsive status epilepticus and epilepsia partialis continua. 3 Lidocaine concentrations above 8 to 9 g/ml, 2,5 however, are associated with increased risk of generalized tonic-clonic convulsions. [1] [2] [3] Continuous intravenous infusions of lidocaine given to 11 healthy volunteers at rates ranging from 1.5 to 3 mg · kg Ϫ1 · min Ϫ1 resulted in generalized convulsions in all after an average total dose of 6 -8 mg/kg. 2 Convulsions occurred abruptly and without prodrome in 15 of the 17 volunteers. Several of the volunteers had recurrence of seizures over the 20 -30 min following the end of the infusion. One of them had seven seizures following the infusion. All volunteers had postictal confusion after the lidocaine-induced seizures, and the average time for neurologic recovery was 37 min. 2 Although slower rates of infusion, 0.5 mg · kg Ϫ1 · min Ϫ1 given over 25 min, are usually considered safe, another study showed that 1 out of 12 healthy volunteers developed a generalized convulsion with this rate of infusion. 12 Lidocaine is converted to monoethylglycinexylidide by oxidative N-deethylation, part of which is then hydrolyzed to 2,6-glycine xylidide. 13 Both monoethylglycinexylidide and, to a lesser extent, 2,6-glycine xylidide can lower seizure threshold 14 and potentiate lidocaine-induced seizures. The role played by lidocaine versus its metabolites in the causation of seizures is not always clear. Circumstantial evidence suggests that the rapid metabolism of lidocaine and the potentiating effects of monoethylglycinexylidide and 2,6-glycine xylidide on seizures are of clinical relevance for some patients. 8, 13, 15 Patients with lidocaine-induced central nervous system toxicity usually have concentrations above 5 g/ml and low concentrations of its metabolites. 15 Conversely, there are individuals with signs and symptoms of toxicity who have low lidocaine concentrations but high concentrations of monoethylglycinexylidide. This seem to be more common after extended infusions of lidocaine. 15 Results from animal studies suggest that different anticonvulsants confer different degrees of protection against lidocaine-induced seizures. 4 However, the effects of anticonvulsants on lidocaine-induced seizures in patients with a previous history of epilepsy have not been reported. These two patients had their typical partial seizure triggered by the administration of high doses of lidocaine. In both instances, the serum concentration of anticonvulsants was low at the time of the focal seizure. After she had a partial seizure, the first patient received a loading dose of phenytoin. She was given a second bolus of lidocaine and kept on a continuous lidocaine infusion, and she had a second seizure. This seizure, however, was generalized. This patient had been monitored with electroencephalography, and there was no evidence that this generalized seizure evolved from the left frontal seizure focus. In this instance, the therapeutic concentration of phenytoin did not protect against the diffuse lowering of seizure threshold produced by the high concentration of lidocaine but may have prevented the activation of her frontal focus by the lidocaine.
Our findings have to be viewed with reservation as they are based on two cases. Nevertheless, these cases show that lidocaine can activate the seizure focus in patients with a previous history of partial seizures. 16 These cases also suggest that the activation of a preexisting seizure focus is more likely if the serum concentration of anticonvulsants is low. Conversely, therapeutic concentrations of antiepileptic drugs may not prevent generalized seizures, which derive from the widespread lowering of seizure threshold caused by the high concentration of lidocaine. 17 TICLOPIDINE and clopidogrel are irreversible platelet aggregation inhibitors known to be more effective than aspirin in the prevention of cardiovascular events. [1] [2] [3] Consequently, an increasing number of patients on these medications are seen in pain clinics. 4 Although the new platelet inhibitors have demonstrated a lower incidence of spontaneous bleeding than aspirin, the risk of hemorrhage after regional analgesic techniques like neuraxial or sympathetic block may still be increased. 3, 5 This has recently encouraged the American Society of Regional Anesthesia to mention the possible risk of spinal hematomas in patients on ticlopidine and clopidogrel in their guidelines for epidural and spinal anesthesia.** The blockade of the lumbar sympathetic chain is a commonly used technique in pain management of patients suffering from peripheral arterial disease (PAD), with a very low incidence of severe complications. 6, 7 Although puncture of arterial or venous vessels may be more frequent than reported, large hematomas are obviously uncommon. 8 However, since irreversible platelet inhibitors like ticlopidine and clopidogrel have been introduced as therapy in Germany, two of our patients have sustained serious bleedings following sympathetic block, and one had a fatal outcome. We present these two cases, propose recommendations for their prevention, and suggest extended monitoring following lumbar sympathetic block (LSB) in patients with an increased risk of bleeding.
Case Reports

Case 1
A 71-yr-old male patient was admitted to our pain clinic for LSB. He presented with intermittent claudication (left leg) and a trophic leg ulcer on the right foot due to a progressive PAD as shown by angiography. He reported a pain-free walking distance of 70 m. His medication included 500 mg/day ticlopidine (Tiklyd ® ; Sanofi-Synthelabo, Berlin, Germany) for stroke prevention in the presence of carotid artery stenosis. History and physical examination revealed no signs of an increased bleeding disposition, and, thus, no coagulation parameters were obtained. Left-sided LSB was performed (5 ml bupivacaine, 0.5%) using radiographic control. No vascular puncture was noted. Within the next 12 h, his pain-free walking distance increased to 113 m. However, he complained of numbness at the medial side of his left thigh as well as groin pain. Two days later, a widespread skin hematoma was recognized ( fig. 1A ). Hemoglobin decreased from 13.5 g/dl to 10.3 g/dl. Ticlopidine was stopped; however, no bleeding time or other anticoagulation test was performed. Four days later (6 days after the first block), a second block was performed. Direct radiographic control using contrast medium confirmed an intravascular needle position. Redirecting the cannula resulted in the correct spread of solution, and 1.5 ml ethanol, 95%, was then administered. The following night, the patient complained of severe pain in the left groin with a simultaneous decrease in blood pressure and hemoglobin (8.9 days/dl) due to a large retroperitoneal hematoma ( fig. 1B) . Transfusion stabilized the patient's hemodynamic condition. He was discharged 5 days later without major complaints and with an improved walking distance.
Case 2
A 79-yr-old female patient with generalized PAD, severe pain in her lower extremities, polyneuropathy, coronary artery sclerosis, and a history of stroke some years ago presented with symptoms of an acute obstruction of the left femoral arteries. Angiography demonstrated multiple occlusions predominately on the left side but did not reveal an indication for angioplasty or surgical reconstruction. After failure of prostaglandin E1 treatment, the patient was referred for diagnostic LSB 2 weeks later, since her foot pain was unbearable despite morphine medication. In the following 24 h, she complained of an increasing numbness of the entire left leg. Even in the absence of a history of any bleeding disorder, 75 mg/day clopidogrel (Plavix ® ; Sanofi-Synthelabo, Berlin, Germany) was discontinued 3 days prior to LSB. Seventy-two hours later, the coagulation parameters, including the bleeding time (160 s), were within normal limits. LSB was performed at the L3 level using a 26-gauge needle and checking for any blood aspiration. The first injection of contrast medium revealed a paravertebral displacement. After redirecting the needle position, the typical spread of the solution was demonstrated. Intravascular injection had not been recognized. The application of 5 ml bupivacaine, 0.5%, led to a minor increase in skin temperature (1.5°C) without significant pain relief.
The patient spent her first 9 h on the ward uneventfully and then suddenly complained of burning groin and medial thigh pain. There were no other pathologic hints (soft abdominal wall; normal peristaltic sounds; blood pressure, 120 -130/75 mmHg through 1 h; heart rate, 70 -80 beats/min). Administration of a low-dose opiate decreased her pain remarkably, and 2 h later she was walking on the ward without complaints. However, another hour later (i.e., 12 h after LSB), she was found pulseless. Resuscitation attempts were unsuccessful.
The autopsy revealed a massive coagulated hematoma (about 2.3-3 l) beneath the left psoas muscle with enlarged retroperitoneal hemorrhage ( fig. 2 ). There were no visible puncture lesions in larger vessels. Severe atherosclerosis was detected in the aorta and in most arteries of the left leg. Due to a recent thrombosis of the left iliac artery, collateral vessels were enlarged.
Discussion
The blockade of the lumbar sympathetic chain versus a surgical lumbar sympathectomy has proven to be a safe technique. It has reduced mortality when using radiographic control or computed tomography (CT) guidance combined with application of contrast medium for evaluation of the spread of the solution. However, there are a few reports of serious complications of LSB due to failed puncture or application of the neurolytic agent too close to the spinal cord or the ureter. 8 Out of more than 2,100 patients with LSB, 5 deaths have been reported, 2 of which were due to severe bleeding under anticoagulation. 8 -11 Although puncture of arterial or venous vessels may be more frequent than reported, large hematomas are obviously uncommon and of minor consequence in the absence of other risk factors. 8 We have performed more than 2,000 LSBs since 1985, performing the conventional dorsal-lateral approach on one or two levels under plain radiographic control or CT guidance. All injections but the two reported cases were without any clinically relevant bleedings. Although we did not specifically look for these complications, all patients were monitored on a ward for 24 -48 h. In addition, an internal quality assurance was performed, including the routine measurement of blood hemoglobulin and urine screening for erythrocytes. No cases of injury to the ureter were revealed, as determined by urine screening for erythrocytes. The incidence of other side effects was also minimal. Genitofemoral neuralgia after neurolytic LSB was less than 0.8% versus 1-30% reported elsewhere. 9, 12 Therefore, the dramatic course of these two patients taking antiplatelet agents suffering from severe bleeding after LSB was unexpected and alarming, more so since a clear cause-and-effect relationship could not be established.
Ticlopidine and clopidogrel are irreversible inhibitors of adenosine diphosphate-induced platelet aggregation. As a consequence, coagulation will gradually return to its normal function only after the affected platelets are being replaced within 5-7 days of discontinuation of treatment. These drugs have been reported to be more effective than aspirin in the prevention of atherosclerotic events in patients with a history of a recent stroke, myocardial infarction, severe PAD, or vascular stent implantation.
1,2 Although purpura or epistaxis was observed in 2.9 -5.3% of patients receiving clopidogrel, there was a significant reduction in the total number of bleeding events compared to aspirin. 3 The new irreversible platelet aggregation inhibitors are therefore considered to be the gold standard for patients with manifested symptoms of atherosclerotic disease.
It remains unclear, however, in which way platelet function is affected in patients taking these new drugs undergoing surgery or other invasive therapeutic approaches. There are still no reliable tests available, including testing for bleeding time, to address this problem, to guide antiplatelet therapy, to calculate the individual risk of bleeding, and, especially, to determine if the coagulation has returned to normal after cessation of the platelet inhibitors.
3 ,** Drug companies therefore recommend stopping ticlopidine and clopidogrel 7 days prior to elective surgery. There are no studies regarding the safety of epidural or spinal anesthesia in patients during or immediately after discontinuation of antiplatelet drug treatment.** Only one case report describes a subarachnoidal hematoma following a very difficult lumbar puncture in a patient receiving ticlopidine. 5 In the presented cases, it remains uncertain whether the platelet inhibitors were the direct cause of the retroperitoneal bleeding. An intravascular positioning of the needle was noted in the first patient, although puncturing a vessel with a 25-gauge needle is usually of little clinical consequence. Lumbar arteriography used to be performed with 16-to 20-gauge cannulas but with low rates of bleeding complications.
In the second patient, autopsy revealed no vascular lesions. The prolonged interval of 9 h between LSB and the onset of early signs (e.g., groin and femoral pain) and the patient's general good health until then are strong arguments against the assumption of a needle-induced vessel lesion with consecutive bleeding of more than 2.5 l. The hemorrhagia could have been a consequence of increased pressure in the paraaortal collateral vessels due to the progressive as well as recent thrombotic occlusion of the left femoral artery revealed on autopsy. Although clopidogrel had been discontinued 4 days previously, it still may have exerted some effects and, as such, may have been a synergistic factor in this scenario.
Since LSB is a common pain clinic procedure, it is important for other clinicians to be aware of the potential for severe hematomas following nerve blocks in patients taking platelet aggregation inhibitors. Still, LSB is considered to be a very safe technique with great benefits for high-risk patients with otherwise untreatable pain due to PAD. Therefore, the presented cases have led us to make the following recommendations:
1. Since there is a lack of reliable and sensitive tests to monitor coagulation, 4 ,** irreversible platelet inhibitors should be discontinued for at least 7 days prior to any invasive technique, in case any hemorrhage is not controllable by external compression. Following the recent addendum of the American Society of Regional Anesthesia for epidural and spinal injection, this precaution should be extended to LSB and celiac block.** In case of a high thrombotic risk, patients should be switched to a different therapeutic regimen with heparin up to 6 h prior to the blockade. 2. Patients with an increased risk of bleeding, i.e., taking any platelet inhibitor or with a history of recent progression of PAD, should be closely monitored as inpatients for 24 h after LSB. IMPROVING surgical exposure during thoracic operations in the lateral decubitus position is one of the indications for one-lung ventilation (OLV). 1 OLV provides satisfactory oxygenation in the majority of patients. However, hypoxemia may develop secondary to the obligatory right-to-left transpulmonary shunt through the nonventilated, nondependent lung. 2, 3 Continuous positive airway pressure (CPAP), 4 high-frequency jet ventilation, 5 intermittent manual inflations, 6 and partial ventilation 7, 8 to the nondependent lung have been used to improve oxygenation during OLV. Positive end-expiratory pressure (PEEP) 1 and nitric oxide 9 application to the dependent lung were used for the same objective. We report a case of severe hypoxemia related to OLV during anterior thoracic spine fusion that resolved only with the use of differential intermittent positive pressure ventilation.
Case Report
A 63-yr-old man was diagnosed as suffering from T5-T6 vertebrae osteomyelitis and paravertebral abscess. His past medical history included chronic renal failure, non-insulin-dependent diabetes mellitus, hypertension, hypothyroidism, and epilepsy. The patient underwent an uneventful emergent abscess drainage and posterior spine fusion in the prone position. On the third postoperative day, the patient required a second emergent operation due to worsening of paraparesis. Anterior thoracic spine fusion via right thoracotomy was indicated. Blood tests were significant for abnormal results of renal function tests. Arterial blood gases on the day before were as follows (fraction of inspired oxygen [FIO 2 ], 0.21): pH, 7.37; partial pressure of carbon dioxide (PCO 2 ), 39 mmHg; and partial pressure of oxygen (PO 2 ), 84 mmHg. A chest radiograph prior to surgery showed atelectasis of the left lower lobe ( fig. 1) . Anesthesia was induced with midazolam, etomidate, and fentanyl intravenously. Vecuronium bromide was administered to facilitate tracheal intubation. The trachea was intubated with a 41-French, left-sided, double-lumen tube (Broncho-cath™; Mallinckrodt Medical, Athione, Ireland). Tube positioning was confirmed by auscultation and fiberoptic bronchoscopy in the supine as well as in the left lateral decubitus position. Patient monitoring included (in addition to standard monitoring) radial artery catheter for invasive blood pressure measurement and a left internal jugular vein catheter. Anesthesia was maintained with isoflurane and 50% nitrous oxide in oxygen supplemented by intermittent boluses of fentanyl and vecuronium. The lungs were ventilated with a tidal volume of 10 ml/kg; respiratory rate was adjusted to maintain normocapnia and PEEP of 4 cm H 2 O. Arterial blood gas values and ventilation parameters are shown in table 1.
Several minutes before nondependent right lung deflation, oxygen concentration was raised to 100%. Once the chest was opened and the right lung deflated, a significant decrease in the arterial saturation (from 98% to 63%) was noted. Oxygenation did not improve significantly either by 10 cm H 2 O CPAP applied to the nondependent lung initially or by 10 cm H 2 O PEEP application to the dependent lung later. Fiberoptic bronchoscopy confirmed proper positioning of the double-lumen tube without mucous plugging or increased secretions. Restoration of two-lung ventilation improved oxygen saturation, but surgery could not continue because the right lung obstructed the surgical field. High-frequency jet ventilation was considered, but the ventilator was unavailable.
At this stage, differential lung ventilation was initiated as follows (table 1): the dependent lung was ventilated by the anesthesia machine with a tidal volume of 6 ml/kg, a respiratory rate of 14 breaths/min, a PEEP of 10 cm H 2 O, and an FIO 2 of 1.0. The nondependent lung was ventilated by a volume control, battery-powered, servo controlled, transport ventilator (Flight III; Flight Medical, Lod, Israel) with a tidal volume of 1 ml/kg, a respiratory rate of 20 breaths/min, a PEEP of 0 cm H 2 O, and an FIO 2 of 1.0. Peak inspiratory pressures were 35 and 25 cm H 2 O, respectively. Under this ventilation mode, oxygenation increased dramatically to 100% oxygen saturation (table 1) . The right, nondependent lung volume was similar to that seen without ventilation; respiratory inflations resulted in small volume changes that did not interfere with the surgical exposure. The operation continued uneventfully, and the patient was extubated in the operating room at the end of surgery. The patient was discharged from the intensive care unit 24 h later and transferred back to the ward.
Discussion
One-lung ventilation is routinely used during thoracic surgery. It provides good exposure and adequate surgical conditions. However, OLV creates an obligatory right-to-left transpulmonary shunt through the nondependent, nonventilated lung and increases alveolar-toarterial oxygen tension difference, so hypoxemia may develop. Blood flow to the nondependent lung is usually reduced by gravity, lung collapse, surgeon manipulation, and by active hypoxic pulmonary vasoconstriction, thus decreasing the shunt. 3 Hence, conventional ventilation of the dependent lung with 100% oxygen is usually associated with acceptable arterial oxygen tension (PaO 2 ) values. If hypoxemia does occur, optimization of oxygenation can be obtained in several ways.
4,5 CPAP with 100% oxygen to the collapsed lung is the most effective means for correction of hypoxemia during OLV.
10 PEEP applied to the ventilated lung can recruit collapsed alveoli and improve oxygenation. However, PEEP increases the dependent lung alveolar pressure and pulmonary vascular resistance, thus diverting blood to the nondependent, nonventilated lung and, in turn, worsening the shunt and hypoxemia. 1 The result of PEEP application to the dependent lung is therefore unpredictable, usually favorable only if the dependent lung is basically ill. 11 
Baraka
7 described a method of differential intermittent positive pressure ventilation by partial occlusion of the adapter limb to the nondependent lung while maintaining unrestricted ventilation of the dependent lung. Yamamura et al. 8 invented a complicated, large, and heavy device, which enables the diversion of different proportions of the tidal volume to the nondependent lung, thus ventilating it differentially. Both methods lack the ability to monitor and control precisely volumes and pressures.
In our patient, hypoxemia developed shortly after instituting OLV. The common practices of treating hypoxemia during OLV were taken (100% oxygen, reconfirmation of tube patency and proper position, CPAP to the nondependent lung and then PEEP to the dependent lung) but failed to improve oxygenation. In this report, we describe a simple technique for differential lung ventilation that improved severe hypoxemia related to OLV. Our technique has three major advantages. First is the use of simple equipment, which is highly accessible. Second is the ability to determine and monitor precisely ventilation parameters. The third advantage is that using the anesthesia machine to ventilate the dependent lung keeps the ability to maintain inhaled anesthesia (considering the negative effect on the hypoxic pulmonary vasoconstriction). The small tidal volume applied to the nondependent lung yielded small changes in the lung volume, which did not interfere with the surgical exposure. Peak inspiratory pressure of the nondependent lung was high relative to the small tidal volume (25 cm H 2 O). This high peak inspiratory pressure can be attributed to low compliance of a lung that was deflated for a while, small diameter of the tracheal lumen, direct surgical pressure, or any combination of these three explanations. It seems that gas trapping was not evident since lung volume was small and did not increase with time. In addition, a slightly increased respiratory rate (20 breaths/min) should allow sufficient time for small tidal volume expiration (auto PEEP could not be measured with our equipment). Blood pressure did not change while the lungs were ventilated differentially; therefore, there was no need for synchronization between the ventilators.
11
In conclusion, this case demonstrates the use of asynchronous differential intermittent positive pressure ven- tilation as a simple and useful way to improve oxygenation during OLV.
CORONARY angiography is considered to be the clinical gold standard for the characterization of coronary artery atherosclerosis. We describe a case of a patient with a history of angina whose coronary angiogram identified only minimal lesions. Six months later, the patient had a cardiac arrest during induction of anesthesia. Postmortem evaluation revealed severe (70 -90%) stenoses of all three major coronary arteries. The failure of the preoperative angiogram to detect the severity of this patient's disease is discussed.
Case Report
A 47-yr-old, 61-kg man was scheduled to undergo revision of a left femoral to popliteal bypass graft. In addition to his chief complaint of claudication, the patient had chest pain typical of angina. He had several risk factors for coronary artery disease, including hypertension, hyperlipidemia, a 20 pack-year smoking history, and a positive family history. Serial electrocardiograms had shown no specific ischemic changes. Cardiac enzymes, measured during a recent hospital admission for angina, were normal.
An exercise stress echocardiogram was nondiagnostic, secondary to the patient's decreased ability to exercise. His ejection fraction was estimated to be 50%. No other test of functional capacity was performed. In September 2000, he underwent a left heart catheterization and coronary angiography. The angiogram showed diffuse luminal irregularities in both the left and right coronary arteries; however, the maximal lesion was interpreted as a 40% stenosis of the right coronary artery (figs. 1A-C).
The patient's daily medications included isosorbide (10 mg three times daily), metoprolol (25 mg twice daily), aspirin (325 mg daily), and sublingual nitroglycerin (as needed). He underwent uneventful general anesthesia in October 2000 for a left femoral-popliteal bypass. This attempt at revascularization was unsuccessful, and the patient was scheduled for a revision.
In January 2001, cardiologists again noted that the recent angiogram (obtained in September 2000) had shown noncritical disease of the right coronary artery, with maximal stenosis of 40%. The patient was characterized as being "low risk" for surgery. Vasospasm and esophageal spasm were mentioned as possible etiologies for the stable chest pain. Close perioperative monitoring and treatment with nitroglycerin were recommended. Diltiazem, instead of metoprolol, was prescribed; however, the patient did not implement this change.
The patient presented for surgery in March 2001. Preoperatively, his blood pressure was 166/87 mmHg, with a pulse of 80 beats/min. That morning, he had taken metoprolol, isosorbide, and aspirin. As premedication, he received midazolam (2 mg) intravenously. Routine monitors were applied. After preoxygenation, anesthesia was induced with sodium thiopental (375 mg), lidocaine (60 mg), and fentanyl (100 g). Succinylcholine (100 mg) was used to facilitate tracheal intubation. The first blood pressure after intubation was 176/105 mmHg, with a pulse of 101 beats/min. Isoflurane (1%) and esmolol (22 mg) were administered. Minutes later, the anesthesiologist was unable to obtain a blood pressure. The patient had no palpable pulse, although the electrocardiogram showed a rate of 95 beats/min. This rhythm quickly deteriorated to a wide-complex tachycardia and then either ventricular fibrillation or asystole. Isoflurane was discontinued, and cardiopulmonary resuscitation was initiated. Defibrillation was attempted three times in rapid succession with 360 J. Ventilation continued with 100% oxygen. Epinephrine, lidocaine, magnesium, hydrocortisone, amiodarone, atropine, glucagon, and calcium chloride were administered. Arterial and central venous cannulation were established during the resuscitation. Initial arterial blood gas measurements were pH, 7.44; arterial carbon dioxide tension (PaCO 2 ), 14 mmHg; and arterial oxygen tension (PaO 2 ), 544 mmHg, with a serum potassium of 3.7 mEq/l. Additional attempts at defibrillation were made. A chest radiograph showed no pneumothorax. After approximately 40 min of chest compressions, the electrocardiogram showed a wide-complex rhythm followed by sinus tachycardia, with a systolic blood pressure greater than 200 mmHg. The patient was transported to the intensive care unit on lidocaine, nitroglycerin, and epinephrine infusions.
Later that day, the patient suffered two additional episodes of ventricular fibrillation, which were terminated with electrical defibrillation. Cardiac enzymes, electrocardiography, and echocardiography were all consistent with an anteroseptal myocardial infarction. The next morning, he was awake and able to follow verbal commands. Two days after the initial cardiac arrest, he developed a ventricular tachycardia, which evolved into ventricular fibrillation. Resuscitation was attempted for 30 min without success.
An autopsy showed the left ventricle of the heart to be mildly hypertrophied. The myocardium of the anterior portion of the left ventricle was acutely infarcted. There was also a small, well-healed scar in the anterior left ventricular wall. The coronary arteries had severe concentric atherosclerotic plaques throughout their lengths. There was 90% luminal narrowing of the left anterior descending coronary artery, 80% of the left circumflex artery, and 70% of the right coronary artery at 1.5 cm, 1.8 cm, and 1.5 cm, respectively, from the arterial origins ( figs. 2A-C) . There was no evidence of hemorrhage, thrombosis, or rupture within the plaques.
Discussion
Coronary artery angiography is considered the definitive study in the evaluation of coronary atherosclerosis, impacting medical and surgical management. Our patient had physical symptoms strongly suggestive of myocardial ischemia and multiple risk factors for coronary artery disease. However, an angiogram performed 6 months prior to planned surgery falsely reassured clinicians involved in his perioperative care about the extent of coronary atherosclerosis. The maximal lesion noted by angiography was 40% stenosis in the right coronary artery, with mild irregularity of the left coronary artery. Postmortem examination, surprisingly, revealed severe diffuse three-vessel disease.
The limitations of coronary artery angiography have been discussed in the cardiology literature. [1] [2] [3] The percentage of stenosis is calculated by comparing the lumen of the stenotic area to that of an adjacent, presumably healthy, arterial segment. Coronary intravascular ultra- sound, which depicts cross-sectional tomographic views of the vascular wall and lumen, has shown that only 6.8% of 884 angiographically normal reference segments were actually normal. 4 Therefore, in patients with diffuse disease, angiographers often compare severely atherosclerotic areas to less diseased ones. This contributes to underestimation of the actual stenosis. Diffuse, concentric, and symmetric involvement of the vessel may also present the illusion of a smaller artery, without focal constriction, in the two-dimensional angiogram. 1, 3 There are other conditions that may confound the angiographic impression. The Glagov phenomenon is compensatory dilatation of atherosclerotic arterial wall, which is thought to be due to rearrangement of medial smooth muscle cells. 5, 6 This arterial remodeling increases the cross-sectional area and prevents functional narrowing until 40 -50% of the cross-section is occupied by plaque. Despite the presence of mild to moderate disease, the lumen will appear almost normal on angiography. 5, 7 Further plaque enlargement will decrease the arterial lumen.
Numerous other factors associated with unreliable angiographic data include complexity of lesions (eccentric or slit-like lesions are troublesome), distension of vessels at systemic pressures, dye distension, intraobserver or interobserver variability, overlapping of branches, foreshortening, disease at bifurcations, flush occlusions, inadequate dye filling, vasospasm (overestimates), blurring due to motion during the cardiac cycle, and resolution of angiographic equipment. [1] [2] [3] 8 Lesions in the left main coronary artery are especially difficult to detect. 9 Coronary angiography is even less reliable after mechanical intervention associated with angioplasty or stent deployment. 1, 2 Quantitative computerized angiography has most of the same shortcomings. 1, 10 The two-dimensional nature of conventional angiography contributes to many of these problems. Physiologic coronary flow reserve, as measured by reactive hyperemia, does not correlate with measurement of percent stenosis on angiography. 11 This may be partially explained by underestimated stenosis.
At least 11 studies have described discrepancies between premortem angiographic and postmortem histologic estimations (performed 1 day to 3 yr apart) of the severity of coronary artery disease. 9, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Angiography generally underestimates lesion severity. Conversely, postmortem pathology tends to overestimate it. Pathologists assess the percentage of stenosis by dividing luminal area by the total area occupied by plaque. 6, 8 When arterial remodeling occurs, the cross-sectional area occupied by the plaque may initially increase, without luminal encroachment. This may lead to overestimation of the percentage of arterial stenosis, compared to the actual decrease in the luminal area. Other factors, such as lack of systemic distending pressure, postmortem arterial shrinkage, and changes with fixation, may lead to errors. If there has been a sufficiently long interval of time between the two studies, the lesion could have truly progressed. Generally, however, histologic estimates of stenoses are reliable for lesions over 75% in diameter. 6 In our patient, diffuse concentric atherosclerotic disease had narrowed the entire length of all three coronary arteries. We believe that the degree of stenosis was angiographically underassessed due to the lack of a normal reference segment. The patient presumably had similar coronary artery lesions during his previous surgery. A review of his records revealed that his heart rate was better controlled during the previous anesthetic induction (a resting pulse of 50 -60 beats/min, with no increase during induction and laryngoscopy). When he presented for the surgical procedure discussed in this case report, his pulse was 80 beats/min, and it increased to 101 beats/min following tracheal intubation. There were no other significant differences between the conduct of the two anesthetic inductions. It is possible that given his severe degree of coronary vascular compromise, this patient was unable to tolerate even a mild elevation in heart rate.
Since the patient underwent prolonged cardiopulmonary resuscitation, he was not considered a candidate for thrombolytic therapy. He may have benefited from urgent percutaneous transluminal coronary angioplasty. Although it is difficult to reconstruct the decision-making processes involved, it is our suspicion that the cardiologists reviewed his recent angiogram and concluded that there was no lesion that would be amenable to stent placement or dilatation.
This case is a reminder that it is vital to look at the entire clinical picture: the history, signs and symptoms of the patient, as well as his or her functional status, along with the results of an angiogram, if one has been obtained. This is particularly important before a cardiac cause of chest pain is excluded. In retrospect, the extent of compromise of our patient's coronary vessels probably would have been discovered by further testing of his functional capacity, e.g., by a dobutamine stress echocardiogram or an adenosine-thallium scan.
In this instance, coronary intravascular ultrasound may have been a superior diagnostic test since it provides images not only of the lumen, but also of the vessel wall, including the plaque. 1, 4, 23 The American College of Cardiology/American Heart Association guidelines for coronary angiography recommend coronary intravascular ultrasound as an alternative imaging modality for the evaluation of patients with characteristic anginal symptoms and positive results of a functional study, with no focal stenosis, or with only mild coronary artery disease on angiography. 24 Another advantage of intravascular ultrasound over angiography is that it has the potential to detect soft, eccentric, lipid-rich plaques that may not be causing significant stenoses. 25 These lesions may be more likely to be implicated in acute coronary syndromes as a result of acute plaque rupture and vessel occlusion. 8, 26 However, expense and availability may limit widespread use of this diagnostic tool at present. Furthermore, intravascular ultrasound requires instrumentation of the coronary artery and carries with it the associated risk of arterial damage or spasm. This report emphasizes that although coronary angiography is considered the best clinical tool to detect coronary atherosclerosis, it has limitations and must be used in conjunction with all other pertinent data.
